Background. In Japan, allergic contact dermatitis caused by hair colouring agents is a considerable problem for those occupationally exposed and also for consumers. Over the last 20 years, p-phenylenediamine (PPD) has been a common allergen, with ∼7% positive patch test reactions. Objectives. To investigate which ingredients caused allergic contact dermatitis related to hair dye and perming solutions in Japan, to assess whether PPD is suitable for screening for hair dye allergy, and to propose allergens for a Japanese hairdresser series. Methods. We selected 19 hair cosmetic allergens, including PPD, Bandrowski's base, cysteamine HCl, and ammonium thioglycolate. Altogether 203 patients (26 males and 177 females) with suspected contact allergy to hair colouring or perming solutions at 14 hospitals in Japan were included. Results. The highest prevalence of positive reactions (35.1%) was for PPD. p-Methylaminophenol and o-aminophenol were often positive, both in the PPD-positive and in the PPD-negative patients. Moreover, cysteamine HCl often yielded positive test reactions. Conclusions. PPD is insufficient to diagnose contact allergy caused by to hair dyes. We recommend 13 allergens to be included in a Japanese hairdresser series.
In hairdressers, hair dye-induced allergic contact dermatitis is well known, but consumers are also affected (1) . This also holds true for Japan, where various adverse health events experienced by consumers, for example from cosmetics including hair colouring agents, are collected in a database of the Accident Investigation Information System of Japan, provided by the national consumer affairs centre of Japan or by product manufacturers. In recent years, ∼200 cases of such events related to hair colouring per year have been collected (2) . According to the report from the National Beauty and Barber Manufacturer's Association Japan in 2015, 64% of Japanese females aged between 15 and 69 years were using hair colouring products, whereas 18.4% had no experience with hair colouring. The use of hair colouring was stopped by 17.4%, in 9.6% because of skin problems (3) . From 1994 onwards, The Japanese Society for Dermatoallergology and Contact Dermatitis has collected patch test results obtained with the Japanese baseline series every year. In this series, 25 common allergens are included, yielding >1% positive reactions. Over the last 20 years, p-phenylenediamine (PPD) has been among these common allergens, with ∼7% positive reactions (4) . We previously reported that 70% of the patients with rosacea-like face dermatitis who were patch tested had contact dermatitis caused by cosmetics, plants, fragrances, and topical medications, and that the products most often identified as being causative were hair dyes (5) . Contact dermatitis caused by hair dye can occur not only on the face, scalp, or hands, but also as systemic contact dermatitis syndrome. Moreover, occupational asthma, rhinitis or contact urticaria (6, 7) caused by oxidative hair dyes in hairdressers has been reported, and sometimes anaphylaxis can develop (7) (8) (9) (10) (11) (12) (13) .
PPD is a very useful hair dye from a technical perspective, because it allows various colour variations that are suitable for Japanese consumers. Japanese people have black hair; however, females in particular, from teenage years to old age, wish to have brown or dark brown hair. From the report on skin problems caused by hair dye provided by the Consumer Affairs Agency of the Government of Japan, approximately half of those aged >50 years who had experienced skin problems after hair colouring had performed hair colouring once a month (13) . When patients diagnosed with contact allergy to PPD were recommended not to use oxidative hair dye, but other types of hair dye, for instance those acting by a reaction of iron and polyphenol, they were not satisfied with the results, because these products were only capable of dyeing hair deep black. The alternatively recommended use of direct dyes necessitates re-colouring every 2 weeks, which is often not feasible. According to Japanese manufacturers, efforts have been made to reduce the concentration of PPD in hair colouring products, but allergic contact dermatitis remains a substantial problem.
In the present study, we analysed patch test results in patients with suspected allergic contact dermatitis caused by hair dye and perming solutions, using 19 allergens found in hair colouring and perming solutions, in order to (i) identify which ingredients were important both for patients with occupational dermatitis and for non-occupational patients, (ii) investigate whether PPD as the only pertinent baseline series allergen is able to diagnose hair dye allergy sensitively, and (iii) propose the allergens for a Japanese hairdresser series and generally improve diagnosis.
Materials and Methods
According to a report of the Japanese hair colour industry association, 752 hair dye products, including 749 oxidative hair dyes, are on the Japanese market (13) . Following enquiries to the hair dye manufacturers covering ∼40% of the Japanese market of hair colour products for home use, we selected the 15 hair dye substances that are used most frequently. Furthermore, we selected one bleach and two perming solution ingredients (Table 1 ). Bandrowski's base (BB), as an important intermediate PPD oxidation product, was also investigated, although it is not an ingredient of hair dye products. Ammonium persulfate is an important bleaching agent. As permanent waving ingredients commonly used in Japan, we selected two substances, namely ammonium thioglycolate (5% aq.) for open testing, and cysteamine HCl for patch testing. Use of the latter compound has recently become widespread in Japan. Although glyceryl thioglycolate is a well-known allergen (14) (15) (16) (17) (18) (19) (20) , it was not selected, because it is an uncommon ingredient in Japan. N,N-bis(2-hydroxyethyl)-p-phenylenediamine sulfate and cysteamine HCl were provided by manufacturers, and the other materials were purchased from Tokyo Chemical Industry (Tokyo, Japan). We prepared these materials as patch test allergens at the Department of Clinical Pharmacy, Fujita Health University School of Medicine.
We investigated 203 patients (26 males and 177 females) with suspected allergic contact dermatitis caused by hair dyes or perming solutions at 14 hospitals between October 2012 and May 2014. Twenty-six of these (13%) were occupational patients (hairdressers or barbers) who had hand eczema resistant to treatment by dermatologists, and 177 were consumers and users of the products without a history of occupational exposure as hairdressers or barbers, and with a history of currently dyeing their hair and scalp or face dermatitis. The median age of the patients was 58 years (interquartile range 12), and >50% of them were in their fifties or sixties ( Fig. 1 ). We performed patch testing with 2 days of exposure by using Finn Chambers ® (SmartPractice, Phoenix, AZ, USA) on Scampor ® tape (Alpharma, Vennesla, Norway). Readings were performed on day (D) 2, D3 and D7 after application, according to ICDRG criteria.
Results
One hundred and twenty-four of 203 patients (61%) showed positive reactions to at least one allergens. Among the 19 allergens, the highest proportion of positive reactions (35.1%) was observed with PPD. p-Methylaminophenol sulfate 1% pet. was the next most common allergen (21%), followed by o-aminophenol 1% pet. at 18.8%, ammonium persulfate at 14.6%, and 1% cysteamine HCl at 13.5%. We conducted an open test for ammonium thioglycolate, and 4.8% of the patients were positive (Table 1) .
We compared the sensitization prevalences of relevant ingredients between the PPD-positive and PPD-negative patients (Table 2) , and between the occupational and non-occupational groups (Table 3) . o-Aminophenol, p-methylaminophenol sulfate and cysteamine HCl showed high sensitization prevalences in both the PPD-positive group and the PPD-negative group. Approximately 30% of non-occupational patients showed positive reactions to PPD. Next, we compared the patch test results for o-aminophenol, p-methylaminophenol sulfate and cysteamine HCl at two different concentrations each (Table 4) . Concerning p-methylaminophenol sulfate, both concentrations yielded identical results. In contrast, o-aminophenol at 0.5% yielded fewer than half of the positive reactions found with 1.0%. For cysteamine HCl, the percentage of positive reactions with a concentration of 0.5% was approximately one-third of that found with 1.0%.
Discussion
The number of hairdressers working in Japan in 2015, reported by the Japanese Ministry of Health, Labour and Welfare, was 496 697, and, in 2015, 19 005 were newly licensed. Among various forms of occupational contact dermatitis, hair dye-related hand eczema is known to be a hair salons, and 1733 shops responded. They reported that ∼38% of hairdressers and barbers had a history of hand eczema. At the time of the survey, 16% of hairdressers and barbers were suffering from hand eczema, and 49% of these hoped to be patch tested. However, several difficulties were encountered or perceived with regard to patch testing; for example, dermatologists of neighbouring clinics could not perform patch tests at that time, there was no time to visit highly specialized (university) hospitals, and visits several times for 1 week were regarded as not feasible. In our study, hairdressers constituted only ∼13% of the patients, and >80% of the cases were non-occupational. We have no recent data on the incidence of occupational dermatitis in Japan. In our study, the share of occupational contact dermatitis was not large; however, the majority of these hairdressers with hand eczema were sensitized to PPD, suggesting that PPD is the major culprit responsible for occupational contact dermatitis. Recently, some salon owners permitted their staff to use gloves not only when colouring, but also when shampooing after colouring, and we will have to follow up the effect of wearing gloves for the prevention of occupational dermatitis.
PPD is known to be a cause of not only occupational but also non-occupational contact dermatitis (1, 3, 4) . From our results, one-third of the non-occupational patients had contact allergy to PPD (Table 3 ). This finding was of particular concern. In the PPDpositive group, toluene-2,5-diamine sulfate, N,N-bis (2-hydroxyethyl)-p-phenylenediamine sulfate, p-aminophenol and m-aminophenol were positive more frequently than in the PPD-negative group. p-Methylaminophenol and o-aminophenol, which are used in hair dye products in Japan, were positive in both groups. Concerning the different patch test concentrations used, positive reactions to 1.0% and 0.5% p-methylaminophenol were not different, whereas o-aminophenol 0.5% pet. yielded less than half as many reactions as 1.0% (Table 4) . From these results, it may appear that positive reactions to 1.0% o-aminophenol might have included false-positive reactions, and that a 1.0% concentration of this reagent may have been too high for patch testing. Lee et al. reported that only 40% of patients with hair dye-related contact dermatitis showed positive reaction to PPD, and they concluded that, for diagnosing hair dye-related contact allergy, hair dye compounds other than PPD should be included (21) . From the results of this study, we would be able to diagnose most patients by using PPD; however, testing only with PPD is insufficient to actually find all patients, because contact allergy to p-methylaminophenol, o-aminophenol and m-phenylenediamine will often be missed. In the present study, ammonium thioglycolate and cysteamine HCl were positive both in the occupational group and in non-occupational patients. Currently, it is not possible to purchase hair colouring-associated allergens other than PPD in Japan, and open testing of hair colour products is not sufficient for the diagnosis of contact dermatitis caused by hair dyes. Therefore, it will be necessary to import allergens other than PPD. To improve the prevention of contact dermatitis, especially that caused by oxidative hair dyes or perming solutions in Japan, dermatologists need to initiate discussions with hair colouring product manufacturers and the Japanese government.
For improved diagnosis and eventually (secondary) prevention of allergic contact dermatitis caused by hair colouring agents or perming solutions, it may be useful to establish a Japanese hairdresser series. Uter et al. have reviewed substances contained in hair cosmetic products in Europe and made recommendations (22) . A list of candidate allergens for a Japanese hairdresser series is shown in Table 5 . This list includes allergens with ≥1% positive reactions in the present study and also resorcinol. Resorcinol showed no positive reactions; however, it is a common ingredient in hair dye products. BB was not included in this list, because it is not an intended part of product formulation. In our study, only 1 patient had a positive reaction to BB. In the future, patch testing with glyceryl thioglycolate may also be considered in Japan. Cysteamine HCl 1.0% showed a high number of positive reactions in both the occupational group and the non-occupational group; however, this agent might have elicited false-positive reactions, in view of positive reactions to 0.5% cysteamine HCl in approximately one-third of these patients (Table 4) . In 2015, the Japanese Ministry of Health, Labour and Welfare formally limited the concentration of PPD in hair colouring products to 3.0%, and, if more than two different dyes are used in the product, the concentration of dyes to 5%; in Japan, products with more than one dye are generally used (23) . In 2015, the Consumer Affairs Agency of the Japanese government conducted a consumer monitoring survey involving 3000 consumers to obtain information about their knowledge on directions for the use of hair colouring products (13) . In this survey, it was found that 47% of the subjects performed hair colouring at home, 37% had their hair dyed in hair salons, and 16% dyed their hair both at home and in salons. According to this report, ∼750 home oxidative dyes were on the market in Japan.
Since 1970, the Japanese government has recommended self-testing for consumers before colouring their hair, and has notified manufacturers of hair colouring agents to draw attention to self-testing on the packages and directions for the use of their products. However, the survey cited above showed that only 2% of consumers actually performed self-testing each time before they dyed their hair. On the other hand, it is known that open testing with mixed or unmixed hair colouring products can sometimes yield false-negative results. We reported that only 30% of patients with PPD allergy had positive reactions to the mixture of oxidative hair dye including PPD and oxidizer, and even only hair dye without oxidization yielded 70% positive reactions; that is, 30% of PPD-positives showed false-negative reactions (24) . Many previous studies of self-test sensitivity, specificity and safety have been published. Krasteva et al. reported that the self-test is a suitable tool for the secondary prevention of contact allergic reactions to hair colouring products (25, 26) . Conversely, Thyssen et al. concluded that, in its present form, the hair dye self-test has severe limitations. They were also concerned about the potential of active sensitization by the self-test, which involves the application of hair dye components on the skin in high concentrations (27) . In 2004, a UK-based company developed and marketed a patch test kit (Colourstart ™ ; Trichocare, Ridgmont, UK) (28) . This test system is a skin transfer that contains a small amount of PPD at a dose of 30 μg/cm 2 , and it was assessed in some studies (27) (28) (29) (30) (31) . However, there were concerns about the sensitivity of this system in the context of regulation as a home diagnostic kit (27) , and about the possibility of active sensitization (28) . In conclusion, at present, there is no standardized self-test. Therefore, dermatologists, hair dye manufacturers and the Japanese government should establish more accurate and safe pre-test protocols, and improve the education of consumers about hair colouring products and procedures in Japan. For the moment, self-testing is only partly helpful to patients with hair colouring-related allergy. In particular, for patients with a negative reaction in the self-test despite having dermatitis related to hair dyeing, dermatologists have to patch test with PPD and other relevant ingredients. Moreover, concerning regular self-testing, the question remains of whether consumers should be recommended to perform a self-test only after experiencing skin symptoms, for example itching or erythema, or full eczematous symptoms.
The consumer monitoring survey by the Consumer Affairs Agency of the Japanese government (13) showed that only 10% of consumers who dyed their hair at home and only 3% of consumers who had their hair dyed in a salon visited dermatologists after experiencing skin problems after or during hair colouring. At present, the safety and sensitivity of the self-test are unknown, and it is doubtful whether consumers should be recommended to perform a self-test every time before dyeing their hair, or possibly only in cases of previous adverse reactions -if dermatological consultation and detailed diagnostic work-up and advice are not available.
